Background
INTRODUCTION
Lower respiratory tract infection (LRTI) is among the commonest indications for seeking primary health care in Europe. 1 It is a frequent driver for the use of a variety of medication, either prescribed by the GP or bought over the counter (OTC). 2 It is doubtful whether the balance between beneficial effects and unwanted side-effects justifies the use of many of these medications.
Many patients with LRTI use antibiotics, prescribed or self-medicated (left over from previous prescriptions, or bought OTC), 3 despite antibiotics having limited beneficial effects for most patients with LRTI. 4 This overuse of antibiotics has several downsides, including development of bacterial resistance, 5 side effects, 4, 6 and costs. 6 Similarly, there is little conclusive evidence for benefits from symptomatic treatments, [7] [8] [9] which are often used inappropriately 10 and can cause side effects. 7, 8 A systematic review on the effectiveness of OTC medications for acute cough found no benefit from codeine or antihistamines. For guaifenesin and combinations of antihistamines and decongestants, available evidence is inconclusive. There is limited evidence that cough symptoms are reduced by the antitussive dextromethorphan and the mucolytic bromhexine. 8 A systematic review on oral and inhaled β 2 -agonists for acute bronchitis in patients without underlying pulmonary disease found no significant benefits. 9 Furthermore, use of any additional medication increases the risk of harmful interactions with other medication or disorders. With regard to costs, the Association of the European SelfMedication Industry reported that sales of non-prescribed cough and cold products in the European Union increased from 2009 to 2011, constituting €4.8 billion in 2011. 11 Furthermore, in many European countries, health services or insurance companies pay for prescribed medication, 12 resulting in increased costs for these organisations and the societies they serve.
Considering this, it is important to develop adequate information resources for patients with LRTI, to allow informed decision making on the use of medication and to improve self-care. There are few recent data on self-medication for common disorders such as LRTI and it is unclear how self-medication varies between different European countries.
This study therefore aimed to investigate the use of all self-medicated and prescribed medication in patients with LRTI in primary care in 12 European countries.
METHOD Design and study population
This was a secondary analysis of data from the European GRACE project (Genomics to Combat Resistance against Antibiotics in Community-Acquired LRTI in Europe; www.grace-lrti.org). This project includes observational and intervention studies of the presentation, management, and outcome of LRTI in primary care.
Eligible patients were aged ≥18 years, and consulting with an illness where an acute or worsened cough was the main or dominant symptom, or had a clinical presentation that suggested an LRTI, with a duration of up to and including 28 days. This definition of LRTI was used because it is the formal eligibility criterion of the GRACE study protocol and corresponds with the criteria of the International Classification of Primary Care (ICPC) code for acute bronchitis/bronchiolitis (R78) in which acute cough is the main symptom. This definition has been used previously in similar studies. 13 Co-presence of symptoms of an upper respiratory tract infection was allowed. The subjective assessment of the presence of LRTI was added, to include the few patients without cough as the main symptom where GPs still suspected LRTI. It had to be the first time the patient was consulting within the illness episode. Antibiotic treatment in the previous month, and pregnancy, were reasons for exclusion. Patients with comorbidity, such as asthma and chronic obstructive pulmonary disease (COPD), were not excluded. Eligible patients were invited to participate in a randomised controlled trial (RCT) comparing amoxicillin with placebo, unless they were allergic to or had a contraindication for penicillin, were suspected of having pneumonia, or refused to participate in the trial. Those patients not providing consent to participate in the trial were invited to participate in an observational study that used the same inclusion criteria, assessments, and outcome measures. The design and study population of the observational and trial part of the study have been described previously. 14, 15 Participating 
Measurements
GPs recorded aspects of patients' history, symptoms, comorbidity (diabetes, chronic lung disease, including COPD, and cardiovascular disease), smoking status, clinical findings, and management, including prescriptions, on a case report form. Patients completed a symptom diary each day for up to 28 days. This diary also asked about their use of health care and medication (prescribed and selfmedicated), both before and after their initial consultation.
The following patient characteristics from the case report form were used in this analysis: sex, age, current smoking, comorbidity, and severity of symptoms at consultation. For the latter, GPs asked patients for the presence or absence of 14 symptoms (cough, phlegm production, shortness of breath, wheeze, coryza, fever, chest pain, muscle aching, headache, disturbed sleep, feeling generally unwell, interference with normal activities, confusion/disorientation, and diarrhoea), and whether these symptoms constituted no problem, a mild problem, a moderate problem, or a severe problem.
Data analysis
Non-responders to the diary were excluded from data analysis after comparison
How this fits in
Lower respiratory tract infections (LRTIs) are among the main disorders for which patients use medication. Which medication is actually used by patients, and whether this is self-medicated or physicianprescribed, is largely unknown. This study shows that a lot of medication with no proven efficacy was used by patients with LRTI, obtained on prescription and self-medicated, with large variation across the European countries. Selfmedication was more frequent before than after consultation and, in addition, self-medication was inversely related to being prescribed one or more medications during the consultation.
with responders at baseline. To combine symptom severity in one variable, a total symptom severity score was calculated by summing the scores for each symptom, resulting in a scale from 0 to 100. After exclusion of the non-responders, countries were compared regarding sex, age, comorbidity, current smoking, and severity of symptoms at baseline. The χ² test was used to compare dichotomous variables. The Student's t test and one-way analysis of variance, or the non-parametric MannWhitney U and Kruskal-Wallis tests were used to compare the means of continuous variables with respectively normal or nonnormal distribution.
Use of medication was extracted from the patient diaries. The following medication groups were defined: antibiotics, antitussives, expectorants, mucolytics, antihistamine-decongestant combinations/ antihistamines, inhaled bronchodilators, inhaled corticosteroids, salicylic acid and derivatives, paracetamol/paracetamol combinations excluding psycholeptics, and non-steroidal anti-inflammatory drugs (NSAIDs). Appendix 1 shows common examples of each group.
The proportions of patients in each country using one or more medication from the different groups were determined, as well as the proportions of patients that used any of these as self-medication, before consultation and in the 28-dayfollow-up after consultation. For the use of medication before consultation, it was also determined whether patients who used antihistamines, inhaled bronchodilators, or inhaled corticosteroids had asthma or COPD, according to their medical file, as this might partly explain the use of these medications.
For the use of medication after consultation, these proportions were also determined for two subgroups: patients participating in the RCT comparing amoxicillin with placebo versus patients in the observational part of the study, because it was expected that the use of prescribed medication and selfmedication after the consultation would differ between these groups. The use of prescribed antibiotics after consultation was not analysed, since it was expected that participants in the RCT would not receive additionally prescribed antibiotics.
The associations between the variables country, sex, age, current smoking, comorbidity, and symptom severity score, and using any kind of self-medication (one or more) before the consultation (as a dichotomous outcome), were measured by univariable logistic regression analysis, resulting in unadjusted odds-ratios (ORs) and 95% confidence intervals (CIs). All variables were included as categorical variables, except for age and symptom severity score, which were included as continuous variables. In addition to the variables above, prescription of medication at consultation and participation in the trial were included as explanatory variables in the analysis of factors associated with self-medication after the consultation. Associations were considered statistically significant if the P-value was <0.05. Multivariable logistic regression analysis was carried out to obtain adjusted ORs and 95% CIs. On a scale from 0 to 100, including the severity of the following symptoms:
cough, phlegm production, shortness of breath, wheeze, coryza, fever, chest pain, muscle aching, headache, disturbed sleep, being generally unwell, interference in normal activities, confusion/disorientation, and diarrhoea. All analyses were performed in IBM SPSS Statistics (version 19).
RESULTS
A total of 294 GPs included 3106 patients (range: 1 to 82 patients per GP). The time needed to include a patient and to perform the baseline assessments was about half an hour. GPs reported that, because of this, in the busiest periods, lack of time resulted in only some of the eligible patients being recruited.
Of the 3106 included patients, 2530 (81%) returned the patient diary and were included in the present analysis (Figure 1 ). Table 1 shows the characteristics of the responders and the non-responders to the patient diary. Responders were generally older than the non-responders (mean age 51 versus 45 years, P<0.001), and less often current smokers (27% versus 34%, P = 0.001). Table 2 shows the characteristics of the included patients in the different countries. In the overall study population, 40% were male, the mean age was 51 years (standard deviation [SD] = 16 years), 27% were current smokers, 28% had comorbidity, and the mean symptom severity score was 37 (SD = 15). All characteristics, apart from sex, differed significantly between countries. Table 3 shows the use of self-medication before consultation in the different countries: 55.4% of patients self-medicated with one or more drugs from the relevant medication groups before consulting the GP. The three most frequently used groups were: paracetamol (21.3%), antitussives (15.4%), and mucolytics (14.7%). In general, there were large differences between countries regarding the types of medication used, and the proportion of patients that used them. Self-medication with antibiotics was self-reported in only six networks and not frequently, and was mainly seen in Italy, Belgium, and Spain. Self-medication with antitussives occurred quite frequently in all countries. Self-medication with expectorants was particularly common in Germany and England. Mucolytics were used in all countries except for England and Wales. Use of antihistamines was most common in England (18.4%, of whom 2.8% had known asthma), Wales (12.2%, of whom 20.8% had known asthma), and Poland (11.5%, of whom 5.2% had known asthma). Self-medication with inhaled bronchodilators occurred most frequently in Spain (4.9%, of whom 50.0% had known COPD or asthma) and the Netherlands (4.3%, of whom 66.7% had known COPD or asthma). In Slovakia, a very high proportion (37) 16 (37) 122 (44) 189 (37) 55 (42) 28 (41) 198 (40) 29 (32) 93 (47) 1017 (40) 0.093 b Age in years, 51 (17) 54 (15) 53 (16) 50 (15) 56 (13) 53 (15) 46 (16) 44 (12) 53 (15) 51 (18) 56 (16) 56 (16) 51 ( 37 (19) 4 (13) 47 (27) 13 (30) 43 (16) 151 (30) 33 (25) 15 (22) 163 (33) 19 (21) 54 (27) 678 (27) <0.001
111 (34) 54 (28) 9 (30) 55 (32) 9 (21) 93 (34) 111 (22) 22 (17) 10 (14) 129 (26) 25 (27) 79 (40) 707 (28) <0.001
Symptom severity 37 (14) 42 (16) 41 (14) 39 (16) 20 (10) 37 (14) 35 (15) 41 (11) 31 (13) 36 (16) 41 (15) 40 (15) 37 ( of patients self-medicated with inhaled corticosteroids (10.8%, of whom none had known COPD or asthma) when compared to other countries and the overall study population (2.9%, of whom 30.1% had known COPD or asthma). Self-medication with salicylic acid was more common in Poland. Use of paracetamol varied from 47.8% (Slovenia) to 4.6% (Slovakia). Selfmedication with NSAIDs varied from 15.2% (Sweden) to no use (Italy). Table 4 shows the use of medication after consultation with the GP in the different countries, and for the subgroups of observational patients (n = 847) and trial patients (n = 1683). Mucolytics (17.8%), antitussives (17.4%), and inhaled bronchodilators (14.6%) were the most frequently prescribed medications used after consultation, and paracetamol (6.4%), mucolytics (5.9%), and antitussives (5.4%) were most frequently used for selfmedication. In the observational group, 19.4% of the patients self-medicated with one or more drugs, compared with 22.6% in the trial group.
Of the characteristics included in univariable and multivariable logistic regression analysis, the following were independently and significantly associated with self-medication before consultation (adjusted ORs). PCN: being in the German (OR = 0.634; 95% CI = 0.428 to 0.938; P = 0.023), Slovakian (OR = 0.296; 95% CI = 0.189 to 0.463; P<0.001), or Welsh (OR = 0.474; 95% CI = 0.325 to 0.693; P<0.001) PCN, was associated with less self-medication compared to being in the Dutch PCN (used as the reference category because of representing approximately the mean proportion of self-medication). Male sex (OR = 0.730; 95% CI = 0.617 to 0.864; P<0.001), and current smoking (OR = 0.756; 95% CI = 0.625 to 0.914; P = 0.004) were also associated with less self-medication, and a higher symptom severity score (OR = 1.018; 95% CI = 1.012 to 1.024; P<0.001) was associated with more self-medication. Age was significant only in the univariable analysis, and comorbidity was not significantly associated in either analysis. Detailed results can be found in Appendix 2.
With regard to self-medication after consultation, the following characteristics were independently and significantly associated (adjusted ORs): PCN; being in the Spanish (OR = 0.412; 95% CI = 0.269 to 0.629; P<0.001) PCN was associated with less self-medication compared to being in the Dutch PCN. On the other hand, being in the English (OR = 1.595; 95% CI = 1.037 to P<0.001) was associated with more selfmedication. Again, age was only significant in the univariable analysis, and comorbidity and participation in the RCT were not significantly associated in either analysis.
DISCUSSION

Summary
A lot of medication with no proven efficacy was used by patients with LRTI, obtained on prescription and self-medicated. There was considerable variation across the different European countries. Self-medication was more frequent before than after the consultation. In addition, self-medication was inversely related to being prescribed medication during the consultation. Both before and after consultation, selfmedication was more frequent among females, non-smokers, and patients with more severe symptoms.
Strengths and limitations
The study has some important strengths. First, a large number of patients was included from primary care settings across 12 European countries. Because of the broad eligibility criteria, for example patients with comorbidity were not excluded, the authors consider the study population is representative of adults presenting with LRTI in European primary care. Second, close to complete data were received from the GPs on the baseline characteristics used in this analysis, and the response rate to the patient diary was high (81%). The longitudinal aspect of the study, with patients filling in their diary every day, is likely to have minimised the probability of recall bias with regard to use of medication. Furthermore, the patient diaries allowed for evaluation of actual use of medication more adequately than using prescription or sales data. Finally, the combined observational and interventional research design allowed comparison of self-medication in patients participating in a randomised controlled trial and in routine practice. The authors are not aware of any previously published data on selfmedication in patients participating in a trial.
The study also has some limitations. First, the results may not be generalisable to patients with LRTI who do not visit their GP. It is known that the vast majority of patients with symptoms of respiratory tract infection do not consult their GP. 16 Selfmedication, and its effectiveness for these individuals may differ from that for those who consult their GP. Secondly, not all consecutive patients were recruited. GPs reported that lack of time was by far the main limiting factor in recruiting all patients, therefore it must be acknowledged that selection took place, however the authors do not believe that this caused a clinically important selection bias. Thirdly, the data in this study were collected from PCNs, which may not be representative of all primary care patients in the whole country (for example Catalonia in Spain). Furthermore, because of the variation in the number of patients recruited in each country, the presented results are more reliable for the countries with a higher number of patients and hence less reliable for the countries with fewer patients (for example France and Italy). Thirdly, analysis of comorbidity was limited to diabetes and cardiovascular and pulmonary disease. The association measured between comorbidity and self-medication might have been different if all comorbidity had been included. Unfortunately, it was not possible to measure the association between selfmedication and other relevant variables described in the literature, such as income, 17 education, the size of the municipality of residence, 18 and general health perception, 19 because these data were not available.
Comparison with existing literature
As far as the authors are aware, this is the first prospective study on individual patientreported overall medication use (including prescribed medication and self-medication) in patients with LRTI. Available data on the frequency and types of self-medication used in the general population of European countries (Germany and Spain) show that drugs acting on the respiratory system, especially cough and cold medications, constitute a major part of all self-medication used. 18, 20 With regard to variables associated with self-medication, the findings in this study are mainly consistent with previous studies on self-medication in general. [17] [18] [19] [21] [22] [23] [24] More frequent self-medication among females in the present study confirms previous studies and governmental reports that consistently show that females in general use more healthcare services. 25, 26 This might be explained by varied health perception and illness behaviour between males and females, related to, for example, cultural and social elements, resulting in female patients being more likely to seek relief for their symptoms. No previous studies have reported on self-medication in smokers. It was not possible to demonstrate a relationship between self-medication and comorbidity, which previous studies did show. 18, 19 This may be explained by the fact that some chronic diseases were not included in the present analyses. Interestingly, no difference was seen in selfmedication used between trial and non-trial patients.
Implications for practice and research
This study confirms assumptions that large quantities of symptomatic and, in smaller quantities, antimicrobial medications, are used by patients with LRTI presenting in primary care, and that remarkable differences exist between countries. This use of medication must be balanced against costs, side effects, and potential underdiagnosis of relevant diseases like COPD, asthma, and allergies. Many of these medications are probably not helpful and robust evidence is not available for most of the medications used. On the other hand, self-medication might be beneficial, as there is evidence that patients who consult the pharmacy first have lower GP attendance rates. 27 Also, in this study, a high prevalence of asthma and/or COPD was found in patients who used inhaled bronchodilators as self-medication before consultation. This on-demand use might very well be in line with advised asthma and/or COPD action plans on medication use in case of an exacerbation, which are common in many European countries. Patients attending their GP are likely to receive an antibiotic prescription with the associated short-and long-term harms of antibiotic use, and therefore encouraging self-medication might not be beneficial. The present results indicate the need for studies on the effect and cost effectiveness of self-medicated drugs for which evidence in LRTI is lacking, to be able to provide relevant patient information. These and future findings are important not only for GPs, but also for pharmacists, who have an important role in advising their customers about purchasing and using medication.
An interesting finding was that selfmedication with antibiotics was seen in only very few patients. It should, however, be noted that the majority of patients taking antibiotics without a prescription probably did not consult their GP at all, and so would not have been eligible for recruitment into this study.
A considerable amount of self-medication and prescribed medication that has no or little proven efficacy was used by adults presenting with LRTI in primary care. This calls for further research on the beneficial and potentially harmful effects of symptomatic treatments, so that more evidence-based strategies can be used by clinicians, pharmacists, and patients. In addition, there were large unwarranted variations between European countries. The findings of this study should be considered when developing patient information resources, international guidelines about LRTI management, and international legislation concerning the availability of OTC medication.
Funding body
The study was funded by the 6th Framework Program of the European Commission (LSHM-CT-2005-518226). The work was supported by the Research Foundation Flanders (Belgium) (G·0274·08N). The funding sources were not involved in design, conduct, analysis, or interpretation of the data, nor in the writing and decision to submit the article. 
Ethical approval
